The physical state condition in the BRST quantization of Chern-Simons field theory is used to derive Gauss law constraints in the presence of Wilson loops, which play important role in explicitly establishing the connection of Chern-Simons field theory with 2-dimensional conformal field theory.
When we discuss knot invariants in terms of Chern-Simons theory [1] [2] [3] [4] [5] [6] and the relationship between Chern-Simons field theory and conformal field theory [7, 8] , an important relation is Gauss law constraint in presence of Wilson line, which is given firstly in ref. [1] .
This relation plays important role in proving that states of Chern-Simons theory satisfy
Knizhnik-Zamolodchikov equation [9] [10] [11] [12] [13] . In this short paper we intend to derive the Gauss law constraints from BRST quantization of Chern-Simons field theory. We think this investigation is significant since in some sense BRST quantization formulation is defined better † ICSC-World Laboratory, Switzerland than formal manipulation without gauge fixing [14] . We will show that when Wilson lines exist the physical state condition in BRST quantization will lead to Gauss law constraints with source terms just as those have been given in ref. [1] . The procedure we will take is similar to the one in ref. [15] , where the equivalence of Dirac first-class constraints and BRST treatment for Yang-Mills theory is formally proved.
Let us write down the BRST quantization of Chern-Simons theory first. The action of Chern-Simons field theory takes following form
where A = A a µ T a dx µ with T a being the generators in some representation of gauge group G.The parameter k must be chosen to be an integer in order to make the theory gauge invariant under large gauge transformation. Without loss of generality, we choose G = SU(N). Choosing the Lorentz gauge ∂ µ A a µ = 0 and performing BRST gauge fixing, we obtain following effective action
The BRST transformations of fields are read as follows
These transformations are nilpotent, i.e., δ 2 = 0. Now, obviously the classical configuration space is enlarged by the introduction of new fields-ghost fields c a , anti-ghost fieldsc a and multiplier fields B a . The canonical conjugate momenta can be well defined by Π Φ = ∂L ∂Φ with Φ = {A 1 , B, c,c}
These fields and their canonical conjugate momenta satisfy Poisson brackets (for bosonic fields) or anti-brackets (for fermionic fields)
The BRST charge can be obtained by Noether theorem
It is easy to show that
When we perform quantization, the classical observables are replaced by operators, and 
It is well known that the state space here possesses indefinite metric. According to the general principle of BRST quantization, physical states satisfy so-called "BRST charge closed" conditionQ |phys = 0.
Notice that above condition (9) determines a physical state up to "BRST charge exact states", that is, |phys ∼|phys + |χ , |χ =Q|any states .
Obviously these states |χ are normal to all physical states including themselves
That is, they are zero norm states and make no contribution to the physically observables.
Now we define physical operatorΦ to be the operator that generates a physical state from vacuum. It is easy to show that the physical operatorΦ must satisfy that 
A B-type operator transforms a physical state into a BRST exact state and has the form
where * represents some operator. Eq. (14) implies that a B-type operator can be regarded as the generator of a kind of gauge transformation since it does not affect physical observables.
The (anti-)commutators of B-type operators with an arbitrary physical operatorΦ have the form
which means that B-type operators form an ideal in the operator algebra [15] [Â,Â] ± ⊂ {Â &B},
The product of an arbitrary operatorK (physical or nonphysical) with a B-type operator can also be regarded as the generator of gauge transformation due to the fact
In addition,KB operators also form a closed algebra
Notice that theKB operator transforms a physical state out of the genuine physical state space [15] . We can see in the following that the properties ofB orKB operators play crucial role in our derivation.
The three terms of the BRST charge given in Eq. (6) can be written aŝ
where
. We know that the matrix (M ab ) is non-singular from the fact thatF 12 and ∂ µÂ µ constitute a pair of second-class constraints [17, 18] . Note that during can be written out explicitly in terms of path integral form [16] Ψ phys = DΦ exp i
where n denotes the nth component of links, Γ n is the projection on Σ of links locating in the three dimensional space-time region less than time t, P n , Q n are the endpoints of Γ n .
Ψ 0 is the vacuum wave functional at time t = −∞, which is determined by Eq.(21). Eq. (22) can be rewritten in terms of the operator form,
Therefore we have that
(n)
where the following operator equations are used 
Thus, the physical state conditionQ|phys = 0 can be reduced to that
